A patient with Klippel-Trenaunay syndrome and pulmonary arterial hypertension not associated with chronic thromboembolic pulmonary hypertension is described. It is hypothesised that pulmonary arterial hypertension is another complication associated with the Klippel-Trenaunay syndrome, possibly due to haemodynamic changes of small vessel abnormalities.
T he Klippel-Trenaunay syndrome (KTS) is a rare congenital disorder characterised by vascular malformations including varicose veins, cutaneous capillary malformations of the port wine type, and hypertrophy of the bones and/or soft tissue. 1 2 In contrast to a syndrome described a few years later by Parkes and Weber (Parkes-Weber syndrome) 3 with a worse prognosis related to early hyperdynamic circulatory heart failure and/or significant peripheral ischaemia, arteriovenous communications in KTS-if found at all-are only minor and without significant flow. 4 A propensity of KTS to recurrent thromboembolic events is well known with a reported incidence of up to 22% 1 and, in a subset of patients, this may lead to chronic thromboembolic pulmonary hypertension (CTEPH). 5 6 We report a patient with KTS and pulmonary arterial hypertension (PAH) not associated with CTEPH, and hypothesise that PAH is another complication associated with KTS possibly due to haemodynamic changes of small vessel abnormalities.
CASE REPORT
A 45 year old man with left sided truncal KTS developed progressive exertional dyspnoea and fatigue over the previous 2 years. His past medical history was noteworthy for several abdominal and vascular operations due to varices and bleeding related to KTS, but splenectomy had never been performed. He had not suffered from joint pain or other symptoms suggesting connective tissue disease, nor from fatigue or a tendency to daytime sleepiness suggesting obstructive sleep apnoea. Any use of anorexigens or stimulants was neglected. Smoking history revealed 30 pack years, ceased 20 years earlier. During evaluation for exertional dyspnoea, pulmonary hypertension (PH) was strongly suspected by echocardiography due to pathological septal movement. The pulmonary artery systolic pressure could not be estimated. Right heart catheterisation confirmed a raised mean pulmonary arterial pressure (PAP) of 47 mm Hg with a normal pulmonary arterial occlusion pressure of 12 mm Hg. The patient declined any treatment.
Eleven months later he had to be admitted urgently with right heart failure and newly diagnosed atrial flutter. After medical stabilisation and correction of the arrhythmia, clinical signs of right heart failure were no longer present. Body weight returned to his usual 77 kg (body mass index 25.1 kg/m 2 ), the second heart sound remained prominent, no cardiac murmurs or pulmonary rales were found, the liver and spleen were not enlarged, and there was no jugular vein distension. The left side of the body was slightly hypertrophic and a large port vine type cutaneous hyperpigmentation containing vascular ectasias was present. Laboratory tests revealed polycythaemia (haemoglobin 18.4 g/dl), hyperuricaemia (679 mmol/l), and raised pro-brain natriuretic peptide (3648 ng/l). Other routine laboratory examinations, HIV tests, and autoantibody screening were normal. Right heart catheterisation revealed raised pulmonary pressure and resistance with reduced cardiac index (table 1) , making a significant arteriovenous shunt highly improbable. 7 Unfortunately, a shunt study while breathing 100% oxygen was not performed initially and the patient later refused to be examined again. The PAP did not react to inhalation of 40 ppm nitric oxide or to 10 mg aerosolised iloprost, but pulmonary arterial resistance decreased by 10% with nitric oxide and by 21% with iloprost. The alveolo-arterial oxygen tension was 27 mm Hg, slightly above the upper normal limit (20 mm Hg). Lung function tests revealed normal respiratory volumes (forced expiratory volume in 1 second (FEV 1 ) 3.1 l, forced vital capacity (FVC) 4.56 l, total lung capacity 5.99 l, residual volume 1.43 l) with a slightly obstructive flow pattern (FEV 1 /FVC 68%), and the carbon monoxide transfer factor was normal (9.8 mmol/kPa/min). Oral anticoagulation with phenprocoumon and treatment with inhaled iloprost at a total daily dose of 50 mg were started. As the ventilation-perfusion lung scan showed small subsegmental perfusion defects and there is a known association between CTEPH and KTS, 5 6 helical computed tomographic angiography and conventional angiography were performed. Unexpectedly, neither examination revealed signs of CTEPH. However, numerous small vascular malformations with multiple ectasias of peripheral pulmonary arterial vessel and vascular convolutes were seen in the left thoracoabdominal wall (fig 1) . Surgical lung biopsy was offered but the patient declined.
Treatment with oral anticoagulation and inhaled iloprost was continued and was well tolerated. After 1 month of treatment the 6 minute walk distance improved by about 10% from 523 m to 574 m and the patient felt markedly better.
DISCUSSION KTS is a rare syndrome (about 1500 recorded cases) of unknown cause. 2 The main pulmonary complication of KTS is pulmonary thromboembolism with a frequency of 8-22% reported in larger series. 1 2 Although the exact mechanism of the propensity to thromboembolism is not known, it seems reasonable to suggest that changes in venous flow make an important contribution. Signs of inherited thrombophilia have not been found in KTS patients with thrombosis. 5 6 Recurrent or unresolved pulmonary embolism may lead to CTEPH, and several patients with KTS and CTEPH have been reported. 5 6 Two underwent pulmonary thrombendarterectomy with a successful long term outcome. 6 Although the lung scan in our patient showed some minor ventilation-perfusion mismatches, CTEPH was excluded by pulmonary angiography. However, multiple small peripheral pulmonary artery malformations were evident on helical CT scanning and conventional angiography which we interpreted as possibly being related to KTS.
Pulmonary small vascular malformations are thought to play an important pathogenetic role in other pulmonary vascular disorder such as veno-occlusive disease (PVOD) and pulmonary capillary haemangiomatosis (PCH). In contrast to hereditary haemorrhagic telangiectasia (HHT, Osler's disease), 7 another small vessel disease possibly leading to pulmonary hypertension, PVOD and PCH do not present with significant arteriovenous shunts as culprit lesions for PH. The aetiology and pathogenesis of these rare disorders are not known; it is hypothesised that in PVOD a thrombotic diathesis may be responsible while, in PCH, a neoplastic proliferation and in HHT endothelial dysregulation due to mutation of the endoglin and activin receptor-like kinase 1 genes are thought to be involved. Despite the different morphological and anatomical involvement, diseases of this small pulmonary vessel may present with severe pulmonary hypertension which usually progresses rapidly to right cardiac failure without treatment. Although the common pathogenetic mechanisms of PAH are not known, pulmonary vascular changes of distinctive causes lead to endothelial dysfunction and activation of a cascade of different regulatory systems (coagulatory, inflammatory, proliferative) resulting in an imbalance in vasoconstriction and smooth muscle cell proliferation, the main culprit of PH. 8 In KTS various manifestations of vascular malformations have been described 5 6 analogous to other pulmonary small vessel alterations (PVOD/PCH) which probably lead to similar alterations in vascular function and consecutive raised PAP, some of them might be associated with mutation in the gene encoding for the angiogenetic protein VG5Q, as recently described. 9 In accordance with the clinical and radiomorphological findings in our patient, we attributed the pulmonary vascular malformation to KTS and hypothesise that they may be markers of a small vessel process leading to raised PAP.
Since other reasons for his PH-such as CTEPH or high cardiac output due to arteriovenous malformations (as seen in Parkes-Weber syndrome) and other diseases-were excluded, he was diagnosed as having PAH possibly related G astro-oesophageal reflux is common in children with asthma but its relevance is unclear. The effects of proton pump inhibitors on asthma control in children are not known. Thirty six children aged 7-16 years with mild to moderate asthma and symptomatic gastro-oesophageal reflux (identified on 24 hour oesophageal pH monitoring) were randomised to 3 months of treatment with omeprazole 20 mg once daily or placebo. There were no significant differences in asthma symptoms, quality of life, lung function, or short acting bronchodilator use between the omeprazole and placebo groups. Repeat oesophageal pH studies in a subset of children receiving omeprazole indicated adequate acid suppression. The results of this study argue against a causal relationship between acid gastro-oesophageal reflux and asthma morbidity, and are consistent with the findings of a recent Cochrane database meta-analysis.
